stablishing Earth's initial D/H ratio is important for understanding the origin of our planet's water, as well as the dynamical processes that operated during planet formation in the solar system. However, evolution of this ratio occurs over time as a result of surface and mantle processing. Collisions with hydrogenbearing planetesimals or cometary material after Earth's accretion should have altered the D/H ratio of the planet's surface and upper mantle (1) . In addition, experimentally based chemical models suggest an increase in the atmospheric D/H value by a factor of 2 to 9 since Earth's formation (2) . Preferential loss of the lighter hydrogen isotope from the upper atmosphere causes this increase, driven by thermal atmospheric escape or plasma interactions with the atmosphere. As atmospheric D/H is linked with that of ocean water and sediments, the D/H ratio of the mantle also increases with time via subduction and convective mixing. Only areas of the deep Earth that have not participated in this mixing process are likely to preserve Earth's initial D/H ratio.
Studies of the trace-element, radiogenic-isotope, and noble gas isotope characteristics of midocean ridge basalts (MORBs) and ocean-island basalts (OIBs) reveal the existence of domains within Earth's mantle that have experienced distinct evolutionary histories (3, 4) . Although alternative theories exist [e.g., (5) ], most studies suggest that high 3 He/ 4 He ratios in some OIBs indicate the existence of relatively undegassed regions in the deep mantle compared to the upper mantle, which retain a greater proportion of their primordial He (6, 7) . Helium-isotope ( ) (8) can be found in volcanic rocks from oceanic islands, including Iceland and Hawaii (9) (10) (11) (12) . Early Tertiary (60-million-year-old) lavas from Baffin Island and west Greenland, which represent volcanic rocks from the proto/early Iceland mantle plume, contain the highest recorded terrestrial 3 He/ 4 He ratios of up to 50 R A (6, 7). These lavas also have Pb and Nd isotopic ratios consistent with primordial mantle ages [4.45 to 4.55 billion years (Ga)] (13), indicating the persistence of an ancient, isolated reservoir in the mantle. The undegassed and primitive nature (14) of this reservoir means that it could preserve Earth's initial D/H ratio. This study targets mineral-hosted melt inclusions in these rocks in search of this primordial signal.
A range of D/H ratios are found on Earth. We compare the ratio of deuterium ( The hydrological cycle fractionates hydrogen, creating glacial ice [standard Greenland Ice Sheet Precipitation dD = -190‰ (15)], ocean water (VSMOW dD = 0‰), and fresh water [dD = 0 to -300‰ (16)] reservoirs. Subduction provides a means to mix water back into the mantle, producing a variation in dD from -126 to +46‰ from slab dehydration and sediment recycling (17, 18) .
The MORB source appears to be better mixed, with a uniform dD of -60 ± 5‰ (19) . We measured the D/H ratios of olivine-hosted glassy melt inclusions in two depleted picrite samples (basaltic rocks with abundant Mg-rich olivine) from Padloping Island, northwest Baffin Island (20) , and in three picrite samples from Iceland's western and northern rift zones (9) (10) (11) . The high forsterite (Fo) contents of these olivines (Fo 87-91 ) suggest crystallization from primitive melts (21) . We monitored possible contamination from crustal materials, or meteoric water due to weathering, by measuring the oxygen-isotope ratios of the samples (21) . One Icelandic sample shows slightly raised d
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O, indicative of crustal contamination. All other samples fall within the range expected for uncontaminated mantle-derived samples.
Baffin Island melt inclusions are characterized by extremely low D/H ratios, from dD -97 to -218‰ (Table 1) . Melt-inclusion dehydration, where H 2 O preferentially diffuses faster than HDO through encapsulating olivine, accounts for the inverse correlation between dD and water content (Fig. 1A) . The longer olivine grains are resident in hot melt before eruption, the stronger the effect of dehydration (22) . In addition to dehydration, meltinclusion degassing can also raise D/H ratios and lower water contents. Melt inclusions may undergo degassing due to depressurization during eruption. We selected rapidly quenched subglacially (Iceland) and subaqueously (Baffin Island) erupted samples to mitigate the effects of degassing. However, two of the three Icelandic samples exhibit the high dD and low water contents indicative of this process. Revealingly, sample MID-1 is known to be one of the least degassed Icelandic basalts (10) 4 He as an intrinsic property of the undegassed mantle.
Lithospheric slab dehydration during subduction and deep recycling can produce low D/H ratios in glasses from plume-related localities (17, 27) . Basaltic glasses from the Hawaiian Koolau volcano contain low dD values and water contents similar to those of the Baffin Island picrites (27) (Fig. 1A) . However, the Koolau mantle source is thought to contain a substantial fraction of recycled upper oceanic crust and sediment (27) , and its distinct d He ratios in the Baffin Island and Iceland samples suggests that they originate from a region isolated from mixing. Thus, our data support a heterogeneous mantle, which contains deep, primitive, undegassed regions that have never been involved in subduction-related mixing or recycling (13) .
Magma-ocean crystallization models (28), and Nd isotopic evidence from some of Earth's oldest rocks (29) , indicate a small volume of late-solidifying dense cumulates developed during the first 30 to 75 million years of Earth history. High pressures near the base of Earth's magma ocean would cause magma to become denser than coexisting minerals; thus, crystallization would proceed from the top downward (30) . Top-down crystallization would trap volatile elements in cumulates at the deepest section of the mantle. Nd-isotope data suggest that such cumulates still exist, representing a hidden incompatible-element-enriched reservoir complementary to the depleted nature of most of Earth's mantle (29, 31) . The depth of this enriched reservoir explains its absence in modernday upper-mantle melts. However, deep plume melting can transfer melt from the core-mantle boundary to the surface (32) . The olivine compositions of Baffin Island picrites, as well as other samples with high 3 He/ 4 He (e.g., basalts from western Greenland and the Galapagos), suggest that these lavas originated from a peridotite sourcẽ 20% higher in Ni content than the modern depleted mantle source, apparently as a result of interaction with the Ni-rich core (5). The noble gas composition of many OIBs, including high proportions of solar Ne, suggests that these plumes sample a volatile-rich reservoir (33, 34) . The lowest measured D/H value (dD = -218‰) provides an upper limit on the D/H of early Earth if the Baffin Island picrite melt inclusions sample a deep mantle reservoir with preserved primitive volatiles. One possibility is that this strongly negative dD was added to the Earth during initial accretion, via dust grains with adsorbed H 2 O inherited directly from the protosolar nebula (-870‰) (35) . The temperature was high at Earth's orbital distance during the early solar system, but 1000 to 500 K would still allow adsorption of 25 to 300% of Earth's ocean water onto fractal grains during Earth's accretion (36) . Solar wind hydrogen and additional accreting objects from the outer Owing to the small size of melt inclusions in the samples, it was mostly not possible to collect hydrogen-and oxygen-isotope data from the same inclusions. Therefore, oxygen-isotope data are calculated on the basis of the average value of melt inclusions (n = 2 to 4) within the same olivine grain as that measured for D/H. Olivine oxygen data are also presented as an average (n = 2 to 6). Scanning electron microscope images showing the location of each data point on the sample surfaces are available (21 1A) suggests that a deep mantle source with a protosolar dD value of -870‰ would have a water content of 0.94 wt %. This value is higher than that calculated for typical bridgmanite (<220 ppm H 2 O) (37), although post-bridgmanite can contain more hydrogen (38) . In addition, isotopic ratios show that plume material is not typical of ambient mantle (4-7), and primary Hawaiian magmas have been shown to contain 0.36 to 0.6 wt % water (27) . A 20/80% mixture of a protosolar-like deep mantle source (dD = -870‰, H 2 O = 0.94 wt %) (35) and MORB (19, 37) reproduces the lowest measured Baffin Island dD values. This proportion is consistent with mantle Xe-isotope anomalies, also estimated to reflect admixture with about 20% of a solar Xe component (33) .
The similarity between the bulk chemical composition of Earth and carbonaceous chondrites indicates that Earth accreted from building blocks similar to these meteorites (39) . An initial Earth dD value more negative than -218‰ is at the very lower end of the dD range for bulk-rock CM and CI chondrites (+338 to -227‰) (40) , whereas other carbonaceous chondrite groups have more positive bulk-rock dD (-48 to +763‰) (40) . However, the dD range for water in CI and CM chondrites is low (-383 to -587‰) (40) , hinting that their parent bodies may have gained water via protosolar nebula adsorption. Recent reports of Earth-like dD in the martian interior (41) also suggest protosolar nebula adsorption as a source for martian water. Therefore, the adsorption mechanism could provide an important source of water in inner solar system terrestrial bodies. contaminants from the Icelandic crust (-7.5 to +1.65‰, green envelope) (24) , and hydrothermally altered oceanic crust (+7 to +15‰, yellow envelope) (26) . The dD variation of the envelopes is as reported for hydrothermally altered oceanic crust (-34 to 46‰) (17, 18) .
